By the superimposition of two similar periodic structures translated, or rotated relative to each other, a new structure arises with longer periods. This one is called Moiré pattern and it consists of the Moiré fringes. Moiré imaging (used mostly in spinal deformities) is non-contact, fast, and its harmful radiation does not load patients and can be repeated any number of times. For detecting the spinals shape, a software has been implemented in LabVIEW programming environment with several image processing method. The shape of the spine could be sufficiently reproduced using this program. Screening can be established without X-Ray images, which is much faster and healthier for patients.
I. INTRODUCTION
The digital, computer-aid Moiré device is being tested for a few years. It is used especially to follow patients' conditions during the treatment, but it can be used also for screening healthy patients. For screening it is necessary to get an algorithm to evaluate the Moiré pictures. Originally this method would have been a substitution instead of manual examination. After a suitable algorithm is going to be discovered, this method can replace the X-Ray technique. The patient is not to be touched during the examination, and the number of examinations of the patient's back could be increased using this method. This technique is fast and quite cheap, so it can be performed any number of times.
II. THE MOIRÉ EFFECT
Optical measurement methods of three-dimensional surface metrology became rapid and effective tools especially in the field of orthopedics [1] [2] [3] [4] [5] [7] [10] [11] [12] , where moiré imaging (used mostly in spinal deformities) is considered to be capable of measuring and graphically displaying whole surfaces instantaneously. [13] By the superimposition of two similar periodic structures translated, or rotated relative to each other, a new structure arises with longer periods. This one is called moiré pattern and it consists of the moiré fringes. Simple moiré patterns can be observed when superposing two transparent layers comprising periodically repeating opaque parallel lines as shown in Fig. 1 . The lines of one layer are parallel to the lines of the second layer. [22] Fig. 1 : The Moiré method [23] The superposition image does not change if transparent layers with their opaque patterns are inverted. One of the layers is denoted as the base layer and the other one as the revealing layer (Fig. 1) . The superposition image of Fig. 1 outlines periodically repeating dark parallel bands, called moiré lines. Spacing between the moiré lines is much larger than the periodicity of lines in the layers. Light areas of the superposition image correspond to the zones where the lines of both layers overlap. The dark areas of the superposition image forming the moiré lines correspond to the zones where the lines of the two layers interleave, hiding the white background. The labels of Fig. 2 show the passages from light zones with overlapping layer lines to dark zones with interleaving layer lines. The light and dark zones are periodically interchanging. 
Using the Moiré method in orthopedics
During the Moiré surface measurement a grating (or its shadow) is projected to the surface of the model, where this grating will take a distorted form due to the model's shape.
Another grating (which can be the same) is located between the model and the observer (that can be for example a camera or a person's eye). As the second grating remains unchanged, it can be considered as a reference grating. The axis of the observer encloses a certain angle with the axis of the projection by intersecting each other on the surface. [14] [15] [16] Several points can be found on the Moiré pattern what have the same distance from the reference surface (or base plane). By connecting these points, contours can be created, just like at the topographical maps, in this way the test surface can be described with these lines. By superimposing two periodic or quasi-periodic structures, the Moiré phenomenon can be observed. When the two structures have the same or slightly different line spacing and their lines are set approximately parallel, a new coarse pattern appears. This pattern is known as the Moiré fringe pattern. The spacing and orientation of the Moiré fringes depend on the spacing and orientation of the structures being overlapped whereas the visibility of fringes is related to the width of transparent or black lines with respect to the line spacing of the structures. Moiré topographical methods can be distinguished as: the basic grating-shadow, the gratingprojection, the grating-TV and the synthetic, computer generated grating methods. Shadow Moiré is a contour mapping technique that involves positioning a grating close to an object and observing its shadow on the object through the grating. Thus, the basic grating-shadow method offers the best accuracy and the simplest arrangement because the projected grating and the master grating are identical, so they have the highest degree of binding. The disadvantage of the shadow Moiré technique is that the master grating must have similar size as the measured object. The Moiré method has several advantages, such as being fast, relatively cheap, highly sensitive, and has graphical results. It is also essential that the method offers a non-contact surface measurement [20] which does not burden the patient with radiation, unlike X-ray analysis. Moiré measurement can be a supplementary method for determining the necessary further examinations and treatments of patients. The Moiré fringes formed on the human back allows the examiner to find the characteristic points of the spine easily.
III. THE MOIRÉ EQUIPMENT
This equipment is designed and developed with the help of orthopedic medicals. Actually it is classical projection Moiré equipment [17] [18] [19] , but video projector is used instead of the traditional projector. A picture is taken from the reference area first, and then the patient's back appears in the examined area. The pattern and the settings are left without change. Because of the examined object the pattern will be strained. Another photo is taken of this, and the computer [19] produce a Moiré picture from these data. [23] The image can be evaluated with one of the previously described algorithms. In this picture the contours are visible, subjective evaluation also can be applied. [21] [22] [23] 
IV. SPINAL DEFORMITY TYPES
Scoliosis is a weed deformity on the spine, mostly in the frontal plane. It has two different types, functional and structural scoliosis. In case of functional scoliosis there isn't any rotation. Rib deformations cannot be observed. Angle of that deformity will stagnate without a treatment, but physiotherapy can be the suitable method to cure it.By structural scoliosis there are weed lateral deformities on the spine with torsion. Rib or chest deformations can be observed because of vertebrae torsion. Patients have to wear brace until the end of ossification, without this the disease will deteriorate. Young girls are more often concerned compared to boys. It could be discovered in rapid growth phase of the bones, mostly at teenagers. Sadly there are 3-4 years old little children with large deformities who have to wear rigid brace until the end of ossification, as the best treatment of the problem. Scoliosis without treatment can cause pain, aesthetic problems, disability and even failures in blood circulation. [8] The Cobb angle is measured on plane radiographs by drawing a line through the superior endplate of the superior end vertebra of a scoliotic curve, and another line through the inferior endplate of the inferior most vertebra of the same scoliotic curve, and then measuring the angle between these lines. [6] [20]
Fig.3: Scoliosis on X-Ray and on Moiré pictures

Fig. 4: Cobb angle [25]
The second type of spine deformity is the Scheuermann disease. At this disease the spine is straight in the frontal plane, but the kyphosis is much rounder than at healthy people. Nowadays the lumbar kyphosis is also very frequent. To reach the objective a preliminary plan was drawn up, which looks like the following. First an appropriate mesh is created on the Moiré picture. This mesh generates intersection points with the Moiré fringes. These points are used to calculate an n th -order fitting curve. After generating this curve two methods are used to detect a point on the spinal curve. The first calculates the inflection points, the second one the minimum points of the fitted curve. Because of the spine has to be located in a valley on the back, to proceed the process, two points (2 inflection) need to be selected by this valley. After this, the program generates two tangential lines based on the selected points. The intersection of these two lines will give a point of the perpendicular surface that consist a point of the spinal curve. The minimum point method works very simply. The program finds the minimum point of the generated fitting curve, and that point will be one a point of the spinal curve. The final shape of the curve can be obtained by executing this algorithm on every horizontal line of the mesh which was created at the beginning of the method. At the end, a curve fitting method is needed to be used to get the shape of the spine.
The following sections will explain each step of the algorithm.
The preparation of the Moiré picture
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Mesh generation
After cutting the necessary area of the picture, the program needs to generate a mesh on it. This mesh will help to obtain points which will be the first base step in determining the curve of the spinal. The program creates a layer where the image processing methods will be executed. First, on this layer, a mesh will be created. The creation is based on the horizontal and vertical resolution of the picture and on a grid size constant. The desired size (in pixels) of a grid can be set by this constant. The smaller the grid size is, the more accurate further calculations can be performed. The program creates two-two arrays which contain the start and the end points of every horizontal and vertical line. These points were generated with two "for loops": one for the horizontal and one for the vertical lines. The number of iterations of a loop depends on the grid size constant (how many lines needs to be generated). A start and an end point will be determined in every iteration with adding the grid size constant to a shifted width value (which was calculated in the previous iteration). The importance of the grid size will be shown in the next chapter. 
Acquiring intersection points with the Moiré fringes
The mesh created in the previous step is used for generating intersection points. These points are derived from the intersection of a horizontal mesh line with the Moiré fringes. One opportunity for further development is that the program searches all intersection points on a horizontal line, because now the points are selected manually. The manual selection functions are the followings. First, the user needs to observe visually the Moiré picture and the created mesh, looking for possible intersections. After than a mouse click needs to be executed near it. The program checks the coordinates of the mouse click on the picture and selects the closest horizontal and vertical mesh line crossing point (all of these points are collected into an array). That's why the grid size is so important. When the grid size is large, the result can be inaccurate. Because of the small grid size, the mesh will be denser, more horizontal and vertical line crossing points will appear, and the approximation will be better. Namely, the result intersection point could be better fitted to the analyzed Moiré fringe. The approximation algorithm calculates an array filled by sums. These sums originates from the following equation:
(1) x M , y Mthe coordinates resulted by the mouse clicking x i , y ithe i th coordinate pair from the array that contains the horizontal and vertical mesh lines crossing points 
Cadjustable constant, which can improve the approximation Sthe result sum
The algorithm calculates these sums by using every mesh line crossing point, and then the lowest result will be selected. The array index of this element is equal to the closest crossing point's index in its storage array. When the calculation is over the intersection a point will be highlighted on the picture (Fig.  5 ).
Fig. 5: Intersection points of a selected horizontal line and the Moiré fringes (black pointsthe generated intersection points)
Weighting of the points
After generating the intersection points, these points need to be weighted. This weight describes which Moiré fringe belongs to a point. The weight is derived from the order of the Moiré fringe which order is important because of the followings. There is a relationship between the position of the spine, the symmetry of the backs plain and its surface features, so the geometry of the scapula and its environment carries information about the spines elevation position. This information is contained by the ordered Moiré fringes. The weighting uses these orders in a way that the value of the order is added to the corresponding y-coordinate of the intersection point. 
Calculating an n th -order fitting curve
In the next phase an n th -order polynomial curve is fitted to the selected and weighted intersection points. In practice, usually a maximum 5 th -order polynomial is used to accomplish the fit, but several times during this research a multi-degree curve was calculated as well. The LabVIEW development system offers several built-in fitting processes, that's why is so easy to perform this step. The built-in, general polynomial fitting method uses every time Cholesky-algorithm during the image processing. The more in-depth description of the fitting algorithm is beyond of the scope of the paper.
The two methods for determining a point of the spinal's curve
The main part of the research is the determination methods of a point of the spinal's curve. To perform this, two methods had been implemented. The first one calculates the inflection points, the second one the minimum points of the curve fitted during the previous step. Because of the spine has to be located in a valley on the back, the analysis needs to be performed by this. With the further processing of these characteristic points, a point can be generated on a surface which is perpendicular to the current image processing plane. The final shape of the spinal will be located on this plane and fitted to the generated point. The following two sections will represent the two methods for calculating this point.
Calculation based on inflection points of the fitted curve
The first method is based on the fitted curves inflection points.
To locate the inflection points of a function, it needs to be differentiable twice.
To find out whether there are inflections in the curve, the second derivative needs to be checked. If there is a solution to zero, then there is an inflection at the resulted abscissa value. To obtain the inflection point correctly the ordinate value needs to be calculated after substitution.
Fig. 7: Finding the inflection points of the n th -order polynomial curve (redthe polynomial curve, greeninflection points)
In the next step those two inflection points need to be selected which are located by the valley of the back. In these points the algorithm creates one-one tangential lines which lines must intersect each other. This resulted intersection point will be used in the next step to determine the spinal's shape. Fig. 8 : Determining the intersection point of the two tangential lines (redthe polynomial curve, greenthe inflection points, blue linesthe tangential lines, red pointintersection point)
Calculation based on minimum point of the fitted curve
The second method is based on the fitted curve's local minimum point in the specified area. To locate the local minimum point of a function, it needs to be differentiable twice.
To find out whether there are extremes, the first derivative of the curve needs to be checked. If there is a solution to zero, then there is an extreme at the resulted abscissa value. To define the nature of this extreme, the second derivative needs to be calculated in that abscissa value. This point is a local minimum if the calculated second derivative value is greater, than zero. To obtain the minimum point correctly the ordinate value needs to be calculated after substitution. This minimum point will help in the next phase to determine the spinal's shape. Fig. 9 : Finding the inflection points of the n th -order polynomial curve (redthe polynomial curve, greenminimum point)
The determination of the spinal's shape
After executing the steps interpreted in the previous sections on every horizontal mesh line, an array of points will be generated. These points are the points of the spinal curve located on a surface which is perpendicular to the surface where the Moiré picture processing was done. To obtain the shape of the spinal's curve, a fitting method needs to be used again. Therefore, the algorithm operates here too with the built-in, general polynomial fitting method (like at the n th -order polynomial curve fitting phase). It needs to be mentioned that the order of the polynomial here should be only 3 rd or 4 th for better curve approximation. With this method a curve can be generated, as it's shown on Fig. 10 . Fig. 10 : The determined shape of the spinal (red -the spinal's shape resulted by a fitting method bluethe points which had been calculated in the previous phase)
VI. CONCLUSION AND FURTHER DEVELOPMENT OPTIONS
This new algorithm can be a suitable method to evaluate Moiré pictures. In one case the shape of the spine was correctly discovered by the algorithm. This curve contains only the main line of the spine, without the borders of the vertebra. The algorithm needs to be checked in more cases, and it is very important to ensure the classification.
There are more types of spinal deformities, and in scoliosis there are also more subtypes, e.g. 1, 2, or 3, abnormal curve(s) can be located on the spine. All subtypes have to be evaluated by the algorithm to verify the compliance of the method. 20-30 pictures have to be separated in all groups and after the evaluation the results have to be compared to the Cobb angles of X-Ray images in order to check for errors. The Scheuermann disease is a different type of deformity, because of that a new algorithm needs to be developed to evaluate pictures taken from patients who have Scheuermann disease. Probably the higher density of the patterns can be a solution.
The automation of the program can help the faster evaluation, so it is important to develop it in the future. This result can be enough to establish the right diagnosis, so it is a huge help for screening healthy people. Unfortunately, not so many curves had been created as the result of the program, so rib deformations cannot be observed on the spine model. This problem can be solved by complete screening with physical examination. The development of the program can offer us more opportunities of using. A wide zone could be examined next to the spine on the pictures to get information about the ribs condition and location. If a model of the spine (with all vertebrae) would be used, the curve can be fitted into the model, and after evaluation a real spine, its shape can be generated. Using this spine-model the Cobb angle, the vertex of the curvature and the rotation can be got also measured. The final application of the algorithm can be the substitution of the X-Ray technique, because the screening of the patients would be healthier, faster and much cheaper for orthopaedics.
